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ST012 Decision Tree and Criteria for Enhanced Bioremediation

Former Williams Air Force Base
Mesa, Arizona

Decision Objective:

To establish location is ready for EBR injections

Time Frame: 1 week-2 months

Criteria: Target Numerical Conditions

Parameter Desired Trend Method Ideal Non-Inhibiting Units  |Discussion

LNAPL LNAPL recovery not sustained under pumping field instrument <1 <5 ft/week [LNAPLremoval to be emphasized over EBR where significant migration to extraction wells occurs.

Water Levels

Hydraulic response consistent with expectation

field instrument Differences may affect expected distribution

Potential Adjustments

Extraction Extraction rate and drawdown consistent with expectation field instrument Differences may affect travel times
Temperature Stable or slowly changing field instrument <1 °F/day |Rapid temperature changes may lead to instability and population changes
Notes:

Parameters wil be evaluated in different areas of the site and may not be demonstrated everywhere simultaneously. Expansion of ideal conditions to all desired treatment areas will be part of the optimizaton step

Condition
1. LNAPL recovery does not meet criteria

2. Water levels, extraction flow rate, or drawdewn inconsistent

with expecation

3. Temperatures are changing rapidly at extraction or injection

location

Potential Adjustments
a. Continue LNAPL removals, consider increased removal frequency
b. Increase extaction drawdown to increase recovery rate. Once recovery diminishes return to design drawdown and retest recovery rate.

a. Evaluate data. Adjust extraction set points and remeasure or adjust expected sulfate travel times
b. Evaluate data. Consider injection adjustments if flow directions are different than expected

a. Continue to monitor and wait for stabilization

Dacision Oblactiva:
Timie Framed

Criteria:

To durabilish Wherioumibiabiay idividislisarsaidnipeations shouldibe fermiliated

10 Weekist vidar SfteriniestionSinrait

Terger NumgncatCotidtions

Sulfate from Injections Brnves At exiraction well tield kit S50 above predmection Indicates arrival of injectad sulfate

Notes:

Pardmetéis Wit béievaliianddin diffefent dre aliof the cite g déeisidns misdefor itividialiexiricianiwells.

Caondition Porentisl Adjustiments
Patdntial Adiistrentes 1 siardishaws visieatiicr Brlater thian elnected B Consitlar idesionifie futare e thions:
E nsr::?ion k. Adilistexteaction/injection rates vr fullceinjectivnicancentiation.
Decision: Objective: ToEstablish:Biological D tation: by Sulfate Reducing Bacteria (SRB) at ST012 and has been Enhanced
Time Frame: 39 months postinjection
Moniter for
Changed
Conditions Criteria: Target Numerical Conditions
Parameter Desired Trend Method deal Non-lnhibiting Discussion
VOCs Decreasing 82608 f ingVaCSinthe p of sulfate may indicate degradation
TPH (BROJGRO) Decreasing 80158 Decreasing TPH in the p sul may indi degrad
tron Increased (ricontaminated area relative to upgradient 6010C if:most of total ironis assumed to be Felll) in the subisurface (because of higher selubility), increasing iron:indicates reduction of Fe(Hi) to Fe(lt)
|Manganese Increased (ricontaminated area relative to upgradient 6010C If:most of total manganese is assumed to be Mn(lt) in the subsurface (because of higher solubility), increasing Mn indicates reduction of Mn{1V} to Mn{ll}
lNitrate Depleted 9056A <05 <1 me/l |Depleted nitrate indicates degradation by nitrate reducing bacteria is active on site but likely notactive atthe motiitored location
lSulfate ncreased 9056A 2,000-10,000* 30000* ma/l |Sulfate toncentrations in targeted range
IPLFA {51P} BCenriched content in PLEA Microbisl lnsights Incorporation of 1°C in PLEA demonstrates bacteria have degraded “C enriched seed contaminant into bacteria cells
IDIC {SiP} ¢ enriched content in DIC Microbial Insights ‘Inmrporation of ¢ in DIC demonstrates bacteria have degraded '"Coenriched seed contaminant inte dissolved inorganic carban
|SRB {gPCR} Intreased relative to baseline Microbial Insights |Increased nopulationindicates SRB response o sulfate amendment
o |EBAC {gPCR) Intreased relative to baseline Microbial Insights |Increased nopulation:indicates totabbacteria response tosulfate amendment
“Zg@%‘g“ |Temperature Stable or slowly changing field instrument Rapid temperature changes may lead o instability and population changes
|PH in Range field instrument 758 5.5:9 Avoid pHrange that wouldinhibit EBR
Ves £h Reduted field instrument =220 < millivolts: {(Correct to hydrogen electrodelEh shiould be in expected range foranaerobic SRBs
DO Depleted field instrument <05 =10 mg/t: Anaerobic activity will be inhibited:if significant DO Ispresent
Notes:

Potential Adjustments:

Parameters wit-be evaluated in different areas of the site and different zones {CZ, UWBZ; 157} and may niot be demonstrated everywhere: Expansion:of conditions to all desired treatment areas will be part of the optimization step
*Preliminary ranges for target sulfate concentrationsin the formation. Values are subject tomodification based on observation of 5RB responsesinthe field to sulfate. Higher concentration may be present in'the immdiate vicinity of injection wells.

Condition
1. Most desired trends are met, but a few arenot

sVerify data guality, potentially test by alternate analytical methods
. Evaluate (f non-conforming data represents acritical uncertainty for SRBenhancement or other data supercedes

2.1 several parametersare not metinallareas of thesite

3. M gevchemical parameters are indesired range but there [s o
sign of VOC/TPH degradation and no enrichment of 7 in the
PLEA orDIC

4. If degradation by SRB can riot be demonistrated after other
meadstires, consider alternate technologies

3

b

2. implment additional injections to-bring parametersinto range and retest.

biinjectin differentlocations orrecirculate to redistributed sulfate

3. Evaluate other factors that could be limited EBR leig. fack of micronutrients) andimplementadditional extraction/injections if necessary
biimplementadditional injections if necessary{eig. toaddress micronutrients}

3. Evaluate other technologies (e:g:; pump and treat, chemical oxidation)
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ST012 Decision Tree and Criteria for Enhanced Bioremediation
Former Williams Air Force Base
Mesa, Arizona

l

Moritor for Decision: Objective: Target Criteria to Optimize Biological Degradation by SRB at STO12
Changed Time Frame: 6:36:months post initial injection
Conditions
Make Adjustments Criteria: Target Numerical Conditions
lnjecFZ?i‘:jJi?it:nga;zlfate IParameter Desired Trend Method Average Maximum Urits lDiscussion
Injection if;/e\gfézla;; Locations Benzenein €7 Decreasing toward postEBR modeltargets 82608 21 27 tg/ts |Plot benzéne trendsby well and average for th timeand p timeframe to reach goal
Install Additional Wells lBanzene in UWBZ Decreasing toward postEBR modeltargets 82608 210* 1400* tg/ts |Plot benzéne trendsby well and average for th timeand p timeframe to reach goal
‘”Veﬁigatem%ger:uig:{:)eters &P, {Benzene in 152 Decreasing toward post EBR medel targets 82608 31* 270* ug/l  |Plot benzene trends by well and average for th time and p timeframe to reach goal
Update Degradation Rates in Model lTPH {DROJGRO) Decreasing 80158 Decreasing TPH is an indicator of decreasing TPH flux from NAPE
llron Increased (ricontaminated area relative to upgradient 6010C if:most of total ironis assumed to be Felll) in the subisurface (because of higher selubility), increasing iron:indicates reduction of Fe(Hi) to Fe(lt)
Manganese Increased (ricontaminated area relative to upgradient 6010C If:most of total manganese is assumed to be Mn(lt) in the subsurface (because of higher solubility), increasing Mn indicates reduction of Mn{1V} to Mn{ll}
Nitrate Depleted 9056A <05 me/l |Depleted nitrate indicates degradation by nitrate reducing bacteria is active on site but likely notactive atthe motiitored location
Sulfate Sustainedn targetrange 9056A 2,000:10,000%* 30000% % ma/l |Sulfate toncentrations in targeted range
PLEA(SIP) BCenriched content in PLEA Microbisl lnsights Incorporation of 1°C in PLEA demonstrates bacteria have degraded “C enriched seed contaminant into bacteria cells
IDIC {sip} ¢ enriched content in DIC Microbial Insights ‘Inmrporation of ¢ in DIC demonstrates bacteria have degraded '"Coenriched seed contaminant inte dissolved inorganic carban
SRB{qPCR} Increased Microbial Insights |Increased nopulationindicates SRB response o sulfate amendment
EBAC{gPCR) Increased Microbial Insights |Increased nopulation:indicates totabbacteria response tosulfate amendment
ENAPE ENAPE measurements decreasing or consistently low (<14t} field instrument |LNAPL removalto be emphasized over EBR where significant migration to extraction:wells occurs.
Temperature Stable or slowly changing field instrument Rapid temperature changes may lead o instability and population changes
ipH in Range field instrument 658 5.5:9 Avoid pHrange that wouldinhibit EBR
£h Reduted field instrument =220 < millivolts: {(Correct to hydrogen electrodelEh shiould be in expected range foranaerobic SRBs
DO Depleted field instrument <05 =10 mg/t: Anaerobic activity will be inhibited:if significant DO Ispresent
Notes:
Parametersio beevaluated indifferent areas of the site with objective to establish desired trends in all monitored areas of known contamination
g;g’,‘fmi *Values as presentedinthe modeling in RORAWP, Appendix E: Update of the groundwater model:using data from the full:scale £BR mayresult in-updated values.
**Preliminary rangesfor target sulfate concentrations in:the formation: Values are subject to modificatiorrbased on ohservation of SRBresponses in the field to sulfate: Higher ration:may be p inthe immdiate vichityofinjectionwells:
Potential Adjustments: Action:
Yes 1. Limited sulfate distribution 2. Evaluate hydraulic data compared to model predictions:
biinject additional sulfate
¢ Inject sulfate inalternate wells
d.Extract and recircilate to improve sulfate distribution
e, Install-additional wells for injectionfextraction
2. Slow sulfate depletion 3. Evaluate data for possible tauses
biinvestigate with 51P and other supplementatanalysisileig.; for micronutrients)
¢ Estimate revised degradation rates in the modeland evaluate redistribution options
3ilimited VOC reduction 3. Review microbial data, perform additonaltests if necessary
biAdditional sulfate injections {if SRB:populations confirmed}
¢ Assess back diffusionand LNAPL dissolution as potential causes
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Transition

1o MNA

Decision: Objective:

ST012 Decision Tree and Criteria for Enhanced Bioremediation

Former Williams Air Force Base

Mesa, Arizona

Transition Criteria Achieved?

‘Time Frame: 18-36 months postinitial injection

Criteria: Target Numerical Conditions

IParameter Desired Trend Method Average Maximum Urits lDiscussion

Benzenein:CZ Post EBR-model targets met 82608 21% 27* tg/L eF nd maximum oY withithese model values would indicate that MNA id plete remedi inabout 13 years:
lBanzene i UWBZ Post EBR-model targets met 82608 216* 1400* tg/L eF nd maximum oY withithese model values would indicate that MNA id plete remedi inabout 13 years:
BenzeneinlSZ Post EBR-model targets met 82608 31 270% tg/L eF nd maximum oY withithese model values would indicate that MNA id plete remedi inabout 13 years:
Sulfate Sulfate distributed to support ongeing MNA 9056A 2,000:10,000%* 30000% % ma/l |Sulfate toncentrations in targeted range

LNAPL Nomeasureable INAPLin wells field instrument LNAPL removal to be emphasized over EBR where significant migration toextraction wells occurs:

Notes:

Parameters to be evaluated for eachi zone {CZ, YWBZ;:and L5Z):

*Values as presentedin:the modeling in RDRAWP, Appendix E: Upd tthe g
**Preliminary ranges for target sulfate concentrations in:the formatior: Valuesare
Potential Adjustments:

Condition
None = Move to next decision step

to modification-based
Action
Notapplicable

ter:model using data fremthe full-scale EBR may result in updated values:

observation of SRB responsesin the field to sulfate. Higherconcentrationimay be present in'the immdiate vicinity of injection wells.
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